
CORPORBTE 
TRHNSLBTIONS 




I CERTIFICATION OF TRANSLATION^ 

Client: Heller, Ehrman, White & McAuliffe LLP 
4250 Executive Square, 7' Floor 
.LaJolla,CA 92037-9103 



Date: np.cember 1. 2000 
Document Name: 

Japanese Patent: 
(1 1) Kokai (Unexamined Patent) Number: 57-185220 

ANTI-CANCER DRUG HAVING CHLOROPHYLL 
DERIVATIVE EFFECTIVE COMPONENT 

Corporate Translations Inc.. hereby certifies that to the best of our knowledge and belief, has 

made an accurate and complete translation from Japanese to EnsMh the 

original patent referenced above. The project has been adeptly managed through the three-phase 
quality process by three different experts: the translator, editor and proofreader. The translation 
team was specifically selected for their expertise in M^^irnUF.s.nrrHna paneseyPatents to 
insure an accurate translation. 

AU necessary infonnaUon includmg <,ualiSca.ions and expertise for .he translarion .earns is on 

file at Corporate Translations Inc. 




Lori Anding 
Production Manager 




1 



(19) JAPANESE PATENT OFFICE (JP) 
(12) PUBLICATION OF UNEXAMINED (KOKAI) PATENT APPLICATION (A) 
(1 1) Kokai (Unexamined Patent) Numberf^T-lsS 

(43) Date of Disclosure: November 15, 1982 

Identif. Symbol Intra-Office Number 
ADU 6408-4C 

8115-4C 

Number of Inventions : 1 
Examination Requested: Not Yet Requested 

(Total of 7 Pages) 



(54) ANTI-CANCER DRUG HAVING CHLOROPHYLL DERIVATIVE EFFECTIVE 
COMPONENT 

(21) Application Number: Sho 56-67593 

(22) Application Date: May 7, 1981 

(72) Inventor: Hiroshi Endo 

Hachoji-shi, Katagura-cho, 937-76 

(72) Inventor: Minoru Ichioka 

Hachoji-shi, Mibunocho, 86-17 

(72) Inventor: Hideo Hosoya 
Hino-shi, Hakusa 896-5 

(72) Inventor: Ryuko Koyama 

Kawasaki-shi, Tama-ku, Noboruko 1734 

(71) Applicant: Yakult Honsha Co., Ltd. 

Tokyo-to, Minato-ku, Higashi Shinbashi, 1-chome, 1-ban, 19-go 

(74) Representative: Takeo Minami, patent attorney 
Specifications 

1 . Title of the Invention: Anticancer Drug Having Chlorophyll Derivative Effective 

Component 



(51) Int. Cl.^ 

A 61 K 3 1/40 
// C 07 D 487/22 



2. Scope of the Patent=s Claims 

An anticancer drug having as an effective component a chlorophyll derivative, disclosed 
by the general formula: 

general formula 

[insert formula] 

(in this formula, X indicates an H atom or OH base, Y indicates a -COOCH3 base or H 
atom, Z is a Mg atom or 2 H atoms (position 13,14). 

3. - Detailed Explanation of the Invention 

This invention relates to a novel type of an anticancer driig having as an effective 
component a chlorophyll derivative. 

More specifically, this invention relates to an anticancer drug having as an effective 
component a chlorophyll derivative, disclosed by the general formula: 

general formula 

[insert formula] 

(in this formula, X is an H atom or OH base, Y indicates a COOCH3 base or H atom, Z is 
a Mg atom or 2 H atoms (position 13,14). 

Chlorophyll derivatives expressed by the formula above have not been known at all from 
prior art, 

[page 2] 

The inventors of this invention have already discovered lO-hydroxy phaeophorbide 
(hereinafter referred to as OH-Phd) which displays an extremely powerful optical activity, 
developed from Chlorella cells treated according to a specific treatment (Nichidoka, Summary of 
Lectures from the 55"^ Conference^ see pages 476, 477). Next, when they were developing the 
physiological effect of the product, at the point when a chlorophyll derivative disclosed by the 
formula above was added, the inventors discovered that this not only caused selective cumulation 
in tumor cells via normal cells, but also that the discharge from the tumor cells was slow, and 
that the growth of tumors was suppressed. This was observed by the authors, during irradiation 
conducted with visible rays in the range of 400 - 700 nm. The authors also discovered that tumor 
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cells were destroyed, that discharge from normal organs and cells occurred quickly, that 
absolutely no reaction occurred in a dark environment and there was no toxicity. 



The present invention is based on this discovery. 

The following compounds can be used for the chlorophyll derivative expressed by the 
formula above. 



Name 


1) Symbols in the Formula 


2) Abbreviation 




X 


Y 


Z 




lO-hydroxyphaeophorbide a 


-OH 


-COOCH3 


2H 


OH-Phd. 


phaeophorbide a 


-H 


-COOCH3 


2H 


Phd 


pyrophaeophorbide a 


-H 


-H 


2H 


Pyrophd 


lO-hydroxychlorophyllide a 


-OH 


-COOCH3 


Mg 


OH-Chld 


chlorophyllide a 


-H 


-COOCH3 


Mg 


Chid 


pyrochlorophyllide a 


-H 


-H 


Mg 


Pyrochld 



Notes: 

1) X indicates position 10, Y indicates position 11 in the orientation of each substance. 

-2H of Z indicates position 13 and position 14 in the orientation, Mg is linked to eachN. 

2. Materials Used in the Specifications 

In recent years, it was disclosed (by TJ. Dougherty et al., in Cancer Research, 18» 2628 - 
2635, 1978) that the optical effect of hematoporphyrin derivatives was tested for the purposes of 
treatment of tumors. With respect to said phaeophorbides, it was discovered that OH-Phd is 
characterized by a relatively high optical activity when compared to hematoporphyrin, as well as 
by a high selective cumulation in tumors and a quick discharge from normal organ cells. 

This substance is activated in particular in the optical wavelength band in the range of 
400 700 nm, it has a high transmissivity in living organism in the wavelength band range of 
600 700 nm (the effective wavelength region is 640 - 690 nm), and the optical activity of this 
substance (activity per unit of time, per irradiating energy, and the dissolving amount of 
biological components per unit of administration) is as much as 10 times higher than that of 
hematoporphyrin (effective wavelength is 630 nm). 
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Phaeophorbides are non-toxic in living organisms in a dark environment, and even with 
visible light rays in the range of 400 ~ 700 nm, if the light rays per se are not toxic. 

Accordingly, this makes it possible to destroy tumor cells very effectively and also very 
safely through irradiation after controlled administration. 

Glass fibers developed in recent years made it possible to perform irradiation with light 
rays in the internal parts of bodily organs. In addition, it was also confirmed that infrared light in 
the wavelength range of 600 ~ 700 nm can be used for effective transmission of energy inside 
living organism up to about 3 cm. This means that basically all regions in tumors can be reached 
with irradiating light rays. 

Furthermore, because very narrow directivity can be achieved by using laser light rays 
which have excellent condensing characteristics, this makes it possible to increase the effect of 
the reaction. 

The optical effect is essentially caused by an excitation of a photosensitized substance 
contained in a living organism due to the energy of visible light rays. Subsequently, a safe 
oxygen activation occurs when active oxygen is generated (a certain type of oxygen, O2). This is 
followed by oxidation and decomposition of lipids present in a living organism, as well as of 
protein nucleic acids, etc. Because the resulting effect is destruction to cells, this can cause 
indiscriminate damage to cells when a living organism that includes a photosensitized substance 
is irradiated by light rays. However, as long as this photosensitized substance is cumulated 
selectively in tumor cells, the tumor cells can be destroyed without exerting an influence on 
normal cells. 

The following is a detailed explanation of this invention. 

The method that was used to manufacture chlorophyll derivatives utilized for the 
anticancer drug of this invention will be explained first. 

Said chlorophyll derivative manufacturing method is characterized by the fact that 
chlorophyllase contained in cells of green plants containing chlorophyll is utilized, as well as 
oxidation with dephytylization achieved by oxidation oxygen. 

[page 3] 



This method is thus a chemical manufacturing method using plants as inactivated raw 
material together with oxidation oxygen and chlorophyllase in cells or with isolated chlorophyll. 



Among the raw materials that can be used with a method characterized by conducting 
oxidation and dephytylization with oxidation oxygen via chlorophyllase in cells of plants or 
chlorophyll in green plants are plants containing chlorophyll and having chlorophyllase activity 
and oxidation oxygen activity. Although any such plants can be utilized,, it is best to use plants 
characterized by a large content of chlorophyll and a high level of oxygen activity for the 
purposes of mass production on an industrial scale. For instance Chlorella, Senedesmas, and 
similar green algae can be used as raw material from the viewpoint of the yield, the economic 
characteristics, etc. 

The following is a detailed explanation of a concrete example of a method to manufacture 
said chlorophyll derivative by using Chlorella as the raw material. 

After 10-hydroxychlorophyllide a was derived with oxidation oxygen from Chlorella cells 
containing chlorophyll a, Chlorella cells were cultivated again with a common method using 
derivation of 10-hydroxychlorophyllide via chlorophyllase inside the cells and by removing the 
carbon source, or in a buffer solution such as a phosphate buffer solution (pH 7.0), preferably at a 
temperature that is SEC higher than a suitable temperature for Chlorella cells (about 40EC). The 
processing was conducted for a period of 6 ~ 48 hours while the culture was stirred with an air 
current. (Treatment Solution - A). 

After an organic solvent was then added to the treatment Solution - A obtained in this 
manner, for example acetone, methanol, ethanol (with a concentration of up to 70%, although an 
optimal concentration is 30%), the solution was aged for a period of 3 hours, preferably when the 
optimal temperature was reached (36EC), at a temperature conducive to the chlorophyllase effect 
in chlorophyll. (Aged Solution - B). 

These operations were used to form an oxidized OH base containing hydrogen in position 
1 0 in chlorophyll. After the phytyl base was substituted by H from position 1 2 in the 
chlorophyllase, this made it possible to obtain chlorophyllide a with phytyl in position 12 
forming H without oxidation of 1 0-hydroxychlorophyllide a and position 10 in chlorophyll. 

Chlorophyll pigment extraction can be used with generated OH-Chld and Chid according 
to a common method and a common refining method can then be used for isolation. For example, 
after centriftigal separation is applied to Aged Solution B. the supernatant is formed, methanol is 
then added again to the residue and the pigment is extracted. The supernatant is mixed with^the 
extract and after the mixed solution is enriched under reduced pressure, chloroform is added and 
mixing is applied again. After that, distilled water is added which is followed by washing. The 
chloroform layer is removed so that a residue dissolved in ethanol can be obtained after 
chloroform is removed under reduced pressure. Then, separation can be conducted with thm 
layer chromatography, etc., and through distribution using a 1 7% hydrochloric acid solution, 
which makes it possible to obtain OH-Chld and Chid. 



In addition, while the above described OH-Chld and Chid manufacturing method was 
used to obtain Treatment Solution - A used for Chlorella processing, and Aged Solution - B was 
obtained after that, a heat treatment was applied for 30 minutes at 70EC (50 - 80EC) to cells 
produced by Chlorella without preparing Treatment Solution - 1 . Also, after suspension in 
acetone or another polar solvent with the above mentioned concentration, the product is allowed 
to age for 30 minutes to 3 hours at a temperature of 20 - 50 EC in a neutral pH and the phytyl 
base in position 12 in chlorophyll is substituted by H from chlorophyllase, which makes it 
possible to obtain an optimal yield of chlorophyllide a. In addition, stirring can be applied with 
air current treatment for a period of about 8-24 hours at a temperature of 20 - 50 EC in a 
neutral pH in the acetone suspension solution with live Chlorella cells at the point when an 
optimal OH-Chld yield was obtained. Although the method to manufacture 1 0- 
hydroxychlorophyllide a or phaeophorbide a utilized OH-Chld or Chid as the raw material during 
the above described manufacturing process, it is also possible to obtain the same result with a 
method replacing a Mg atom in porphyrine ring with a hydrogen atom according to a commonly 
used method, for instance with hydrochloric acid processing. 

Mg can be easily substituted with a H atom with the hydrochloric acid solution with 
common processing involving separation and refining of OH-Chld or Chid, making it possible to 
obtain OH-Phd or Phd. 
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The OH-Phd or Phd obtained according to this invention can be mixed together or each 
item can be used as is. It is also possible to conduct separation and refining with thin film 
chromatography, etc. Pyrophaeophorbide a can be manufactiu-ed according to the method 
described by P.C. Pennigton et al [J. Am. Chem. Soc, 86, 1418, (1964)]. 

Pyrophd can be obtained for instance by treating chlorophyll a with pyridine and treating 
the pyrochloropyll obtained in this manner with hydrochloric acid, removing phytyl base in 
position 12 and replacing it with a hydrogen atom and creating a hydrogen atom from a Mg atom 
in porphyrine ring. In case of a chemical manufacturing method using as raw material chlorophyl 
that was already isolated from a plant or that does not have oxidation oxygen characteristics or 
chlorophyllase activity in the cells, the target compound can be obtained with the same 
manufacturing method also when the plant displays oxidation oxygen activity and chlorophyllase 
activity is used as described above, with the exception of chemical oxidation and dephytylizatibn. 

In this case, after the derivation of the hydroxychlorophyll obtained from chlorophyll by a 
weak oxidation, OH-Chld can be separated with saccharose column chromatography and after 
that, dephthylization is applied through a treatment using 30% hydrochloric acid, enabling to 
obtain OH-Phd with a high yield. 

The inventors of this invention were thus able to obtain highly active OH-Phd and OH- 



Phd characterized by a low activity. The data obtained is shown below in Table 1 . 



Table 1 





High-Activity OH-Phd 


Low-Activity OH-Phd 


Molecular Formula 


C3SH36O6N4 


C3SH36O6N4 


E667/E409 


1.93 


1.99 


Rf(TLC) 


0.34 


0.21 


Chemical Shift 


8 4.73 


• 4.45 . 


(NMR) 


7 4.47 


4.09 



Notes: 

E667/E409: The ratio between the maximum absorption of red color £ind the maximum 
absorption of blue color in absorption spectrum of visible parts. 

Rf (TLC): The Rf value obtained with a thin silica gel layer, 20 x 20 cm, 0.25 mm, 

development solvent, benzene, ethyl acetone, ethanol, n-propanol (14:4:1). 

Chemical Shift 8 and 7: 

The chemical shift in the proton in position 7 and 8 obtained v^th nuclear 
magnetic resonsmce. 

As one can see from Table 1, the high-activity OH-Phd and low-activity OH-Phd can be 
considered an optical isomer configuration in hydrogen position 7, 8 with high-activity OH-Phd 
and low-activity OH-Phd. 

The effective amount for administration of the chlorophyll derivative in the anticancer 
drug of this invention is in each case in the range of 10 mg - 300 mg per daily dose for an adult, 
while the range of 50 - 1 50 mg is preferred. 

With respect to the formulation of the anticancer drug of this invention, the preparation 
can be administered orally or as a preparation that can be injected according to a customary 
method. If the preparation is injected, it can be used after it has been dissolved in distilled water 
because Phd and OH-Phd can be dissolved directly in a symbiotic physiological salt solution. In 
addition, Phd can also be neutralized after it has been first dissolved in a weak alkaline solution 
and then it can be mixed with a physiological salt solution. 
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Furthermore, it should be added that the anti-cancerous effect of the above-described 
substance is not limited only to the above described example of this invention or to a 
manufacturing example of the anti-cancer drug of this invention or a drug example which was 
tested for toxicity. 

Embodiment 1 

1.25 X 10^ items of sarcoma 180 tumor cells were administered by subcutaneous 
inoculation to ICR mice (male mice, 7 weeks old, weighing about 25 g) per 1 mouse, and 
standard rearing was conducted after the grafting. The grafted group of individual mice in which 
growth of tumor cells was confirmed (10 mice in 1 group) was injected fi-om the 8* day after the 
grafting with 0, 10, or 20 mg of OH-Phd per kilogram of body weight of the mice, dissolved in 
physiological salt solution, or with 20 mg/kg of Phd, Pyrophd, OH-Chld, Chid, or Pyrochld per 
kilogram of body weight of the mice, administered directly into the tumor region in the mice. 
This administration was conducted 9 times during a period of 3 days. Inunediately after that, 
irradiation was conducted for 1 day, and for 6 hours, with rays in the wavelength range of 400 - 
1,000 nm having a strength of 100 mW/cm^ (with the light of a 500 W Tungsten lamp 
transmitted through 2 cm of a water layer providing a shielding profile for hot rays). The tumor 
was then extracted on the 32""* day after the grafting with the tumor took place, the weight of the 
tumor was measured and the tumor suppressing ratio was calculated based on the formula below. 

average tumor weight in contrast segment - ave rage tumor weight in tested segment 
suppression ratio % = average tumor weight in contrast segment x IOC 

The contrast group of the mice was administered a physiological salt solution in the same 
manner as the tested segment and they were also irradiated in the tumor region. In addition, the 
mice were fed OH-Phd in a dark environment with 20 mg/kg of body weight, and also the 
contrast group was kept in a dark environment. The results are shown in Table 1 . 

[page 5] . . 

Because Chid, OH-Chld, Pyrochld are unstable properties, a Mg atom can be easily 
released into a living organism or into the molecules used during extracting operations, causing 
changes in Phd, OH-Phd, and Pyrophd. 



The anti-timior activity of these substances, corresponding to Mg-Phd, is almost identical. 



Table 1 - Result of the anU-tumor effect after direct administration into the tumor of the 

chlorophyll derivative. 





Administration 


Light 


Average 


Suppression 




Amount 




Tumor 


Ratio 




(mg/kg) 




Weight (g) 


(%) 


Contrast 


0 


L 


1.49 V 1.46 


0 


S cement 










OH-phd 


90 


L 


0.35 V 0.41 


76.5 


180 


L 


0.19 V 0.14 


87.2 




180 


L* 


0.75 V 1.04 


49.7 




180 


D 


1.43 V 0.86 


4.0 


OH-Chld 


180 


L 


0.23 V 0.38 


84.6 


Phd 


180 


L 


0.63 V 0.32 


57.7 


Chid 


180, 


. L 


0.54 V 0.47 


63.8 


Pyrophd 


180 


L 


0.86 V 0.72 


42.3 


Pyrochld 


180 


L 


0.57 V 0.42 


61.7 



Notes: 

L: Light rays with 20 Kltix 
L*: Light rays with 0.5 Klux 
D: Dark environment. 



Embodiment 2 

Similarly to Embodiment 1, sarcoma 180 tumor cells were administered by subcutaneous 
inoculation into the dorsal region of ICR mice per T mouse and standard rearing was conducted 
after grafting. The grafted group of individual mice in which growth of tumor cells was 
confirmed was injected from the 8* day after the grafting with 0 mg, 0.3 mg, 1 mg, and 3 mg of 
OH-Phd and Phd per kilogram of body weight of the mice, dissolved in physiological salt 
solution, administered through the tail vein of the mice, resulting in a total of 1 1 administrations 
during an interval of 2 ~ 3 days. Similarly to Embodiment 1, irradiation with light rays was 
conducted and after a period of rearing lasting 32 days, the tumor was extracted and the tumor 
suppression ratio v/as determined. 



Table 2 - Anti-Tumor Effect with Administration of OH-Phd into tail vein 





Total Administered 


Light Rays 


Average Tumor 


Suppression Ratio 




Amount - mg/kg of 




Weight (g) 


(%) 




weignt 








Contrast Group 


0 


L 


5.54 V 1.04 


0 


Segment 










Admin. Segment 


3.3 


L 


1.05 V 0.6 


81.0 


OH-Phd 


11 


L 


0.68 V 0.60 


87.7 




33 


L 


0.18 V 0.18 


96.8 




33 


L- 


2.36 V 1.44 


57.4 




. 33 


D 


4.43 V 0.87 


20.0 


Admin. Segment 


3.3 


L 


1.6 V 0.87 


71.1 


Phd 


11 


L 


1.3 V 1.44 


76.3 




33 


L 


2.3 V 1.29 


57.9 



Notes: 

L:20Klux 

L*:0.5Klux. 

D: Dark environment. 

An excellent effect was displayed with a joint administration of OH-Phd, Phd into the tail 
vein. The tumor was dissipated in about half of the mice m the group to which 33 mg of OH-Phd 
was administered. 

Embodiment 3 

Sarcoma 1 80 tumor cells were administered by subcutaneous inoculation into the dorsal 
region of ICR mice and after 23 days of standard rearing, when the grafted tumor grew to an 
approximate size range of 200 --^300 mm^, 3 mg/kg of the body weight of the mice was 
administered through the tail vein. After 24 hours, irradiation was applied with light having an 
optical strength of 300mw/cm^ with shielded hot rays (using a 500 W light source, a Tungsten 
lamp) for 30 minutes to the tumor region. The administration of OH-Phd and treatment with 
irradiating light rays was repeated 3 times in daily intervals. After that, rearing was continued in 
a dark environment and the changes in the size of the tumor were observed. The segment which 
was not administered OH-Phd was given the same amount of physiological salt solution, while 
the light irradiation treatment was applied to this segment in the same manner. 



Table 3 - Tumor treatment effect of OH-Phd 





Total OH-Phd 
Admin, Amount 
(mg/kg of weight) 


Size of Tumor 

during 
Administration 

(mm^) 


Tumor Size after 

10 Days of 
Treatment (mm^) 


Suppression 
Ratio 
% 


Contrast Segment 


0 


273 V 64 


376 V 123 


0 


Tested Segment 


9 


248 V 82 


129 V 79 


66.0 



Note: 

The size of the tumor (mm^); long diameter x short diameter; after OH-Phd was 
administered. Because degenerative destruction occurred in the segment to which irradiation with 
light rays was applied, after 10 days, the size of the tumor has shrunk to about 1/3 (cubical 
conversion). 

Embodiment 4 

Similarly to Embodiment 1, sarcoma 180 was grafted to ICR mice and from the 8* day 
after the grafting, 0.10 mg OH-Phd was administered per kg of body weight of the mice orally by 
using a stomach probe. After the administration, the tumor region was irradiated with light rays 
for 30 minutes in 24 hour intervals in the same manner as in Embodiment 3 by using light rays 
with 300 mW/cm^. The administration and treatment with irradiating light rays was conducted 
twice during a continuous period of 5 days for a total of 10 administrations. After rearing was 
conducted for 32 days, the tumor was extracted, its weight was measured and the suppression 
ratio was calculated. 



Table 4 - Anti-Tumor effect with oral administration of OH-Phd 





Total Administered 
Amount (mg/kg) 


Average Tumor 
Weight (g) 


Suppression Ratio 

•(%) 


Contrast Segment 


0 


2.6 V 1.5 


0. 


OH-Phd Segment 


100 


0.9 V 0.5 


65.4 



Embodiment 5 (Toxicity Test) 
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[part of the top line illegible] 

... ICR mice (male and female) whose weight was around 50 [illegible] g were used to 
conduct acute toxicity tests for each administration path. 

For oral administration, the substance was administered with a stomach probe after it was 
dissolved in distilled water. For intravenous administration and administration into the 
abdominal cavity, the substance was dissolved in a physiological salt solution and then injected 
with a syringe. LD50 was calculated according to the Richfield-Wilcoxon method. Rearing was 
conducted after the administration in each case in a dark environment. 

Table 5 - Acute toxicity characteristics in a dark environment (LD50) mg/kg 



Administration Method 


OH-Phd 


Phd 


Pyrophd 


Intravenous Administration 


200 < 


200 < 


200 < 


Administration Into Abdominal 
Cavity 


200 < 


200 < 


200 < 


Oral Administration 


1000 < 


1000 < 


1000 < 



The numbers shown in the figure indicate the limit for solubility of the administered 
substance in water or in a physiological salt solution. Death did not occur in either case. 

Although absorption and discharge of the substance into normal cells and into organs, as 
well as hypersensitivity to light rays, was displayed with irradiation with light rays within 12 
hours after the administration, no reaction was indicated with irradiation 24 hours after the 
administration. The administered substance was not observed in any cells or organs 24 hours 
after the administration. 

Manufacturing Example 1 

After Chlorella cells (1 kg of moist substance) were suspended in 5 I of a phosphate 
buffer solution (0.1 M, pH 7.0) and stirring was conducted for a treatment period of 48 hours 
with an air current at 40EC, the Chlorella cells were gathered by centriftigal separation and these 
cells were then dissolved in 3 1 of a 30% acetone solution and then allowed to age for 3 hours at 
36EC. 

After the aging, centriftigal separation was conducted, the supernatant was extracted and 
the extract solution was obtained after 3 I of methanol were added 3 times to the residue. 



The supernatant obtained in this manner mixed with the methanol extract solution was 
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then enriched under reduced pressure to 2 of the amount and after 2 1 of chloroform were added 
to the resulting mixture, vigorous mixing was applied. Distilled water was added after that and 
washing was conducted, which was followed by separation conducted with a chloroform layer, 
making it possible to obtain a residue when the chloroform was removed under reduced pressure. 
The residue obtained in this manner was dissolved in 1 1 of ethyl ether, and after an equivalent 
amount of 17% HCl solution was added, separation was conducted with a layer of hydrochloric 
acid solution. After the concentration of the hydrochloric acid was diluted to 5% with water, 
ethylene ether was added and the solution was mixed. 

After this ether layer was separated and washing v^th pure water was conducted, the 
resulting mixture was enriched under reduced pressure. This enriched solution was applied to a 
silica gel layer and the coloring band (Rf 0.39 and Rf 0.34) was developed with a solvent 
(benzene, ethyl acetone, ethanol, n-propanol, 16 : 4 : 1 : 1) in a cool and a dark environment. 

The coloring band obtained in this manner was then scraped off, methanol was added and 
the pigment was extracted, and after evaporation under reduced pressure in methanol, pigments 
(Phd 1.19 g, OH-Phd 0.86 g) were obtained. 

Manufacturing Example 2 . 

Acetone with a concentration of 30% was added to an enriched solution of live Chlorella 
cells, and after strong ventilation was conducted with a pH of 7.0 and a temperature of 36EC for 
a period of 24 hours, the chlorophyll pigment was manufactured with extraction, separation, and 
refining according to the same manner as in Embodiment 1 . 

492 mg of Phd and 386 mg of OH-Phd were obtained from 1 00 g of Chlorella algae. 
Manufacturing Example 3 

After dried Chlorella powder (inactivated chlorophyllase) was pulverized with a 
homogenizer to obtain a fine powder, the powder was suspended in a 30% acetone solution, and 
after ventilation and stirring was conducted with an air current for a period of 24 hours, a 
chlorophyll-based pigment was obtained according to the same method that was used in 
Manufacturing Example 1. Next, a hydroxy chlorophyll firaction was separated with saccharose, 
column chromatography (0.5% development solvent comprising isopropanol - petroleum ether), 
and after the solvent was distilled out, the resulting mixture was dissolved in ethanol ether. Next, 
an equivalent amount of 30% hydrochloric acid was added and after vibrations were applied in a 
a dark environment at room temperature for a period of 1 hour and after dephytylization was 
conducted, water was added, as well as a 17% hydrochloric acid concentration. Ether was then 
added to achieved pigment distribution, a 1 7% HCl fraction was formed and refining was 
conducted in the same manner as in the case of Manufacturing Example 1. This made it possible 
to obtain 6 1 8 mg of OH-Phd firom 1 00 g of Chlorella algae. 
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Manufacturing Example 4 



100 mg of chlorophyll a.was dissolved in 50 ml of acetone and 60 g of silica gel (soda 
silicate) was added for adsorption of chlorophyll, and after acetone was evaporated, aging was 
conducted for 1 hour at 36EC in a dark environment with air current ventilation. After the 
adsorption, the adsorbed pigment was dissolved in acetone and enriched under reduced pressure 
at a low temperature in a dark environment. 

[page?] 

After dissolution in ethylene ether, the hydroxy chlorophyll fraction was separated with 
saccharose column chromatography in the same manner as in Embodiment 3, the hydroxy 
chlorophyll fraction was scrapped off, dissolved in ether, an equivalent amount of a 30% HCl 
solution was added, and after dephytylization, water was added to create a 17% concentration of 
hydrochloric acid. This was followed by the same refining process that was also used in 
Manufacturing Example 1. 

This made it possible to obtain 32 mg of OH-Phd from 1 00 mg of Chlorella. 
Preparation Manufacturing Example 1 

After 1 5 mg of OH-Phd was dissolved in 0.5 ml of sterilized distilled water and after 
dilution was conducted with 0.5 ml of 1.8% physiological salt solution, the mixture was filtered 
through a bacteria removing filter, poured into an ampule for sterile injection and stored in a dark 
environment. 

Preparation Manufacturing Example 1 

After 1,500 mg of a mixture consisting of 630 mg of OH-Phd and 870 mg of Phd was 
dissolved in 50 ml of 0.1 N NaOH. approximately 50 ml of 0.1 N HCl was added to achieve 
neutralization. In addition, the mixture was filtered through a bacteria removing filter, poured 
into an ampule for sterile injection, sealed and stored in a dark environment. 
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